The expression of an endogenous catalase inhibitor has been studied during development of Zea mays. In the 3-day seedling, the inhibitor is expressed primarily in the scuteOlum and in the aleurone layer of the endosperm. These tissues also show the highest catalase activity at this stage. Inhibitor expression has also been studied temporally in the scuteHum, roots, and shoot over the rmt 12 days of germination. Inhibitor expression shows an inverse relationship with catalase activity in the scutelium and in the shoot. The relationship is less rigid in the root, due probably to the low levels of inhibitor found in that tissue. The role of the inhibitor in catalase regulation is discussed.
Tissues were then removed, homogenized in cold 25 mm glycylglycine buffer, pH 7.4, centrifuged at 10,000 rpm (Sorvall SS-34 rotor) for 10 min, and the supernatant was assayed for inhibitor. Inhibitor specific activities were calculated on the basis of fresh weight of tissue. Tissue weights used per ml of buffer were as follows: scutellum, 75 mg; endosperm, 356 mg; root, 287 mg; shoot, 350 mg; pericarp, 90 mg; and aleurone, 9 mg.
Temponl Distribution of Inhibitor. Seeds from the inbred W64A were germinated under constant light conditions at 25 C. Nine plants were removed at 24-hr intervals. Roots were homogenized in 1 ml of the above grinding buffer, shoots in 0.5 ml, and scutella in 2.5 ml. Extracts were then centrifuged as above and were assayed for inhibitor and catalase activity.
Catalase activity in maize scutella during early germination increases from moderate levels shortly after imbibition to a peak at 3 or 4 days, and gradually declines thereafter. This pattern of expression is determined, at least in part, by the differential expression of two structural loci (3), changing rates of synthesis and degradation (1; Sorenson, Scandalios, and Ganapathy in preparation), changing patterns of compartmentation in glyoxysomes (2) , and by an endogenous inhibitor. This inhibitor has been partially purified by affinity chromatography (5) and appears to be a protein.
Studies of the inhibitor along a developmental time course were undertaken in an attempt to establish the relationship of the inhibitor to these other regulatory mechanisms and to the overall pattern of catalase activity.
MATERIALS AND METHODS
Inhibitor Assay. The inhibitor was assayed by mixing equal volumes of partially purified maize (Zea mays) catalase (which is free of active inhibitor) and the extract to be assayed. The catalase activities of the mixture and of each of the mixture components were then determined polarographically as previously described (4). The partially purified catalase was prepared from the scutella of 4-day-old seedlings by ammonium sulfate fractionation and gel filtration on Sephadex G-200. The final purification was approximately 150-fold. Details of the procedure will be published elsewhere.
The expected activity of the mixture equals one-half the sum of the activities of the components. One inhibitor unit is defined as that amount causing a 1 % reduction in expected activity of the mixture. Catalase units are expressed in ,moles 02 Table I . The inhibitor levels in the scutellum and the aleurone are a minimum of 20-fold higher than in any other tissue. These two tissues also have considerably higher catalase activity.
Although the appearance of high catalase activity and high inhibitor activity in the same tissue seems at first paradoxical, it may indicate that the inhibitor functions in situ as a "fine tuning" mechanism. The presence or absence of catalase may be regulated by other mechanisms (e.g. rates of synthesis and degradation), while the inhibitor may be utilized primarily for secondary control in tissues in which catalase is strongly expressed. Inhibitor expression may be dramatically reduced in tissues with low catalase activity since little secondary regulation may be needed in those tissues.
Temporal Distribution. The temporal distribution of the inhibitor in the scutellum, shoot, and root is shown in Figure 1 . Similar patterns were observed in each of three independent experiments, although the timing of specific events varied by as much as 1 day. The expression of the inhibitor in the scutellum SORENSON AND SCANDALIOS and in the shoot exhibits a reciprocal relationship with catalase expression in those tissues, particularly in the scutellum. Active inhibitor appears to be absent in the 4-day scutellum. The partially purified catalase used in the assay is prepared from the 4-day scutellum, and one might argue that the apparent absence of inhibitor at this stage could be attributed to assay artifact. Since the maize inhibitor is nearly fully active against bovine liver catalase (5), a similar series was conducted in which crystalline bovine liver catalase (Sigma) was substituted for the maize catalase in the assay. No substantial differences were observed between the two experiments including the absence of detectable inhibitor activity in the 4-day scutellum.
In the root, the reciprocity between inhibitor and catalase activity breaks down completely between days 7 and 10. This suggests that other regulatory mechanisms may override the inhibitor in this tissue. Since inhibitor levels in the root are low (Table I) , the possibility is not unlikely, but cannot presently be evaluated in the absence of a more complete characterization of catalase regulation in that tissue.
Although the relationships and interactions among the various catalase regulating mechanisms in maize cannot be established absolutely without mutants affecting the various mechanisms, studies such as these can shed some light on the problem. These studies suggest that the inhibitor may be involved in regulation at a level which is somewhat more sophisticated than is possible with the other mechanisms which have been shown to be operating in maize. They also suggest that the total picture of catalase regulation may vary considerably in different tissues, and characterization of these patterns may be of significant help in establishing mechanism interactions. 
